Objectives: Several studies found that biphosphonates counteract locally increased bone resorption and associated pain in patients with complex regional pain syndrome I (CRPS I). We performed a systematic review of all randomised controlled trials to assess the benefit of biphosphonates in the treatment of CRPS I patients with bone loss. Data sources: We searched Medline, Embase (April 2007) and the Cochrane Library and screened bibliographies of included studies. Review methods: We selected randomised trials comparing biphosphonates with placebo, with the goal of improving pain, function and quality of life in patients with CRPS I. Two reviewers independently assessed trial eligibility and quality, and extracted data. Where data were incomplete or unclear, conflicts were resolved with discussion and/or trial authors were contacted for further details. We calculated the study size weighted pooled mean reduction of pain intensity (measured with a visual analogue scale (VAS)). Results: Four trials of moderate quality fulfilled our inclusion criteria. In respect to function and quality of life there was a trend in favour of biphosphonates but differences in outcome assessment impeded pooling of results. Two trials provided sufficient data to pool pain outcomes. Biphosphonates reduced pain intensity by 22.4 and 21.6 mm on a VAS after 4 and 12 weeks of follow-up. Data on adverse effects were scarce. Conclusions: The very limited data reviewed showed that bisphosphonates have the potential to reduce pain associated with bone loss in patients with CRPS I. However, at present there is not sufficient evidence to recommend their use in practice.
Introduction
Complex regional pain syndrome I (CRPS I) is a common, disabling and poorly understood disorder (Kock et al., 2003) . The syndrome is characterized by pain and various combinations of autonomic, sensory, motor, and trophic changes (Veldman et al., 1993; Merskey and Bogduk, 1994; Bruehl et al., 1999 ). The precise causes of CRPS I are unknown; it often develops after a trauma, such as an injury or surgery (Maihofner and Birklein, 2007) .
Due to the complexity of this disorder, involving the peripheral as well as the central neural system, there is no evidence of an effective treatment (Maihofner and Birklein, 2007) . No definite treatment algorithm has been established, although numerous therapeutic approaches have been described in the past with varying success (Forouzanfar et al., 2002) . According to the currently available guidelines, treatment is usually based on a multimodal concept including medical treatment, physical therapy, occupational therapy and psychotherapy (Stanton-Hicks et al., 1998 Perez et al., 2007; Harden, 2006) .
Among other physical agents, the use of biphosphonates in the treatment of CRPS I was recommended when calcitonin is inefficient or when calcitonin injections are not well tolerated (Chauvineau et al., 2005) . Biphosphonates are potent antiosteoclastic agents which are often used for the treatment of several bone related pathologies such as Paget's disease, metastatic cancer, myeloma and acute vertebral fractures.
CRPS I may be associated with a localized bone resorption in the affected limb which results from osteoclastic hyperactivity (Adami et al., 1997) . Therefore, several authors hypothesized that the use of biphosphonates might be beneficial in the treatment of CRPS I because these agents counteract bone resorption and show some analgetic effect. (Reviewed in Schott (1997) benefit of biphosphonates in CRPS I treatment and to summarize the value of this promising drug.
Methods
This systematic review was performed applying rigorous published methods (Center for Reviews and Dissemination, Report 4, 2001).
Identification of studies
We searched Medline (PubMed Version) and Embase (Ovid Ò interface) from inception to April 2007 using the search terms complex regional pain syndrome, CRPS, algoneurodystrophy, algodystrophy, shoulder-hand syndrome, reflex sympathetic dystrophy, RSD, and Sudeck. Searches in the Cochrane Central Register of Controlled Trials (2007, Issue 2) and screening bibliographies of all included studies complemented our searches. We imposed no language restrictions. We looked for randomised trials comparing biphosphonates with placebo, with the goal of improving pain, function and quality of life in patients with CRPS I.
Study selection
One reviewer (FB) designed the search strategy and performed the searches. Two reviewers (FB and AS) independently screened the titles, keywords and abstracts of all retrieved records against the inclusion criteria. They looked for randomised studies including patients with the diagnosis of CRPS 1 and comparing biphosphonates against placebo. Then, the reviewers assessed the full text of potentially eligible papers to ascertain that the studies met the inclusion criteria. Disagreements on inclusion were resolved by discussion or through arbitration by a third reviewer (LMB).
Data extraction
Two reviewers (FB, AS) independently extracted the salient features from each trial using a data extraction form that was pretested using one included trial. From each study we secured setting (e.g. year, country of origin), number of participants, and site of CRPS, type of intervention, dosage and application mode and duration of intervention. We also registered types of outcome measures, timing of outcome assessments and the corresponding results. Finally, we registered all published adverse effects.
Assessment of study quality
Two reviewers (FB, AS) independently evaluated the methodological quality of each included trial. Based on existing recommendations (ter Riet and Kessels, 1997) we developed a quality assessment form. The form was piloted on the first paper to check for any misunderstandings when addressing the items and revised where necessary. Disagreements were resolved by consensus. A third reviewer (LMB) arbitrated persisting disagreements.
Statistical analysis
In this study, we assessed the agreement according to published recommendations between two reviewers using kappa statistics (Kirkwood and Sterne, 2006) . The kappa statistics is based on comparing the observed proportion of agreement between two readings (A obs ) made by the two testers, with the proportion of agreements that would be expected simply by chance (A exp ) Kappa ¼ ðA obs À A exp Þ=ð1 À A exp Þ Landis and Koch propose the following interpretation of the kappa statistic: kappa > 0.75 represents excellent agreement, values of kappa between 0.4 and 0.75 represent fair to good agreement, and kappa values less than 0.4 show moderate or poor agreement (Landis and Koch, 1977) . Where available, we calculated differences in outcome parameters from baseline per group and analysed differences between groups. We decided to pool the results of studies if they reported on the same outcome measure and timing. These data were only available for pain assessment using a visual analogue scale at four and twelve weeks of follow-up. Mean VAS differences were pooled using variance weights.
Results
Our searches retrieved 1767 records from which 16 appeared to be potentially relevant. Full text assessment resulted in exclusion of 12 additional studies. In total four trials were included in this review (Adami et al., 1997; Varenna et al., 2000; Manicourt et al., 2004; Robinson et al., 2004) . (For study selection details please see Fig. 1.) 
Description of studies
In total 118 patients (intervention group n = 59, control group n = 59) with CRPS 1 were treated. All four RCT's were small, including less than 30 patients in one study arm. Mean age was 51.7 years; mean disease duration was 12.5 months (range 3.5-21.6 months). The site of CRPS 1 was more in the lower extremity (n = 89) than in the upper extremity (n = 30). Trauma (n = 38) and fracture (n = 28) were the most frequent initiating events causing CRPS 1. The participants were treated either with oral (n = 1) (Manicourt et al., 2004) or intravenous administration (n = 3) (Adami et al., 1997; Varenna et al., 2000; Robinson et al., 2004 ) of a biphosphonate compound. Alendronate was used in two studies, pamidronate (Robinson et al., 2004) and clondronate (Varenna et al., 2000) were administered once. Side effects were evaluated in all four studies and were rare.
The characteristics of the included trials are summarized in Table 1 .
Methodological quality of included studies
The agreement between the two reviewers was excellent. (Agreement on 78 of the 88 item scores (89%); kappa = 0.80). No arbitration was necessary.
All four included studies were considered to be of moderate quality (Table 2) .
Evidence of improvement of quality of life and function
Two studies showed a significant improvement of joint mobility (Adami et al., 1997; Manicourt et al., 2004) . Due to different measures of range of motion, statistical pooling was not possible (goniometer (Manicourt et al., 2004) vs. arbitrary score (Adami et al., 1997) . One study showed a significant improvement of physical function in the treatment group by assessing SF-36 after 1 and 3 months (Robinson et al., 2004) . None of the studies considered measuring the aspect of quality of life.
Evidence of effectiveness
Due to the variability in respect to interventions, enrolment criteria, control treatments, duration of follow-up visits and outcome measures, only two out of four studies were considered clinically comparable regarding pain intensity (VAS) after 4 and 12 weeks (Manicourt et al., 2004; Robinson et al., 2004) . Statistical pooling showed a weighted average of À22.4 after 4 weeks and À21.6 after 12 weeks on a scale of 100.
Discussion

Main findings
This review has two findings. Evidence from trials investigating the effects of biphosphonates in CRPS I are still scarce. Pooled analysis of two small trials suggests that these agents have a favourable effect on pain management. In respect to other clinically relevant outcomes four studies show trends towards favourable effects but differences in trial design impede exhaustive quantitative assessments at this stage.
Results in light of existing evidence
In a narrative review published in 2005 in French, Chauvineau and colleagues (Chauvineau et al., 2005 ) made a first attempt to summarize the effects of biphosphonates in CRPS I treatment. In that review, which did not include a formal meta-analysis, the authors felt that current evidence was insufficient to set proper indication for treatment or to estimate treatment effects (Chauvineau et al., 2005) . The review did not apply up to date systematic review methodology, did not search all relevant electronic databases and was incomplete in respect to quality assessment. Since electronic searches were limited to 2003 they missed two studies (Manicourt et al., 2004; Robinson et al., 2004 ) out of which one study contributed data to our meta-analysis (Manicourt et al., 2004) . On the other hand, Chauvineau and colleagues included two studies that we excluded from our analysis. The paper by Liens et al. (1995) studied patients with questionable cases of CRPS I and the paper by Cohen and Uebelhart (1998) used an active control (calcitonin).
Strength and limitations
The strength of this study includes the application of robust systematic review methodology. We made strenuous efforts to minimize the risk of selection bias. Relevant reports were searched systematically and without language restriction. Also, we attempted to perform a meta-analysis. But, due to the limited number of available studies, the variability in terms of study population, interventions, duration of follow-up and outcome measures, pooling of results was limited to pain intensity (VAS) after 4 and 12 weeks. Other clinically relevant outcomes such as improvements in range of motion, oedema and quality of life could not be assessed meta-analytically. In addition, all studies were rather small resulting in imprecise estimates.
Implications for practice
The current guideline published by a consensus report in 1998 does not recommend biphosphonates in CRPS I treatment. StantonHicks et al. only recommend the use of subcutaneous calcitonin for a mild effect on spontaneous pain, the use of oral or intravenous biphosphonates was not part of their recommendations (StantonHicks et al., 1998) . We think, that it is still too early to recommend broad application of biphosphonates in CRPS I management. Treatment should be initiated only within research protocols that clearly define exposures, and involve standardised outcome assessments. Moreover, treatment regimens should always be based on a multidisciplinary approach rather than the use of a single medication. 
Conclusions
In conclusion, the very limited data reviewed showed that bisphosphonates have the potential to reduce pain in patients with CRPS I. However, at present there is not sufficient evidence to recommend their use in practice. To prove the possible beneficial effect in reducing pain, we recommend high quality randomised studies with clear inclusion and exclusion criteria and with a sufficient sample size. The outcome measures should include overall improvement in function and decreasing pain, quality of health status, return to work and side effect. In addition, optimum dosage, frequency and duration of treatment must be further examined.
